We have previously demonstrated an association between microsatellite instability and decreased CDK2-AP1 (p12 DOCÀ1 ) expression in human colorectal cancer (CRC) cell lines. In those same studies, induction of CDK2-AP1 expression promoted both cell cycle arrest and apoptosis. The goals of our present study were to better understand the mechanisms leading to reduced CDK2-AP1 expression in microsatellite unstable (MSI) CRC and to study further the effect of CDK2-AP1 modulation on cell proliferation and apoptosis utilizing RNA interference (RNAi) techniques. We used direct sequencing to screen for mutations of the poly (T)8 microsatellite-like region in the 3 0 end of the CDK2-AP1 gene in 24 CRC cell lines. We then utilized an in vitro human mismatch repair (MMR) recombinant system to assess for correction of the mutation and changes in CDK2-AP1 expression secondary to hMLH1 transfection. We also investigated the effect of CDK2-AP1 modulation in four settings: (1) native CDK2-AP1 absence, (2) endogenous CDK2-AP1 expression, (3) RNAi-induced CDK2-AP1 inhibition and (4) induced CDK2-AP1 over expression. The mutation -del T poly (T)8 -at the 3 0 end of the CDK2-AP1 gene was found in 3/12 (25%) of MSI CRC cell lines, but in none of the microsatellite stable samples (0/12). Interestingly, when wild-type MMR protein -MLH1 -was induced in an in vitro human recombinant system, the del T poly (T)8 mutation was reversed and CDK2-AP1 expression increased. RNAi-mediated CDK2-AP1 inhibition was associated with decreased apoptosis and increased cell proliferation in CDK2-AP1-non deficient CRC cell lines. We conclude that mutations in the microsatellite-like sequence of the CDK2-AP1 gene in MSI CRC are associated with decreased CDK2-AP1 expression. In addition, modulation of CDK2-AP1 expression in human CRC alters cell proliferation and apoptosis.
Introduction
Intestinal epithelial cell homeostasis is dependent upon a balance between cell growth and apoptosis (Kerr et al., 1994) . Initiation and progression of malignancy results from disruption of this delicate balance (Bedi et al., 1995 , Hao et al., 1998 . Current literature suggests that premalignant dysplasia is characterized by an increased percentage of proliferating cells (Johnston et al., 1989; Diebold et al., 1992) . However, the role of apoptosis in colorectal cancer (CRC) carcinogenesis remains poorly understood (Kim et al., 2003) . Advances in our understanding of these complementary processes are important to support the development of novel preventative and therapeutic strategies for CRC. Cyclin-dependent kinase 2-associated protein 1 (CDK2-AP1) is a highly conserved gene mapped to chromosome 12q24 (Todd et al., 1995) . Originally named Deleted-in-oral-cancer-1 (p12 DOCÀ1 ), CDK2-AP1 was identified and characterized by loss of heterozygosity and decreased expression of its translation product, p12 DOCÀ1 in oral squamous cell carcinoma (Todd et al., 1995) . CDK2-AP1 is constitutively expressed in normal human tissues and has been shown to interact with multiple cell growth regulatory elements Shintani et al., 2001) . Interestingly, decreased CDK2-AP1 expression has been shown to correlate with increased tumor invasion, risk of lymph node metastases, and decreased survival in patients with oral squamous cell carcinoma (Shintani et al., 2001) . In our previous studies, we observed significantly decreased expression of CDK2-AP1, a growth suppressor, in colorectal cancer with microsatellite instability (MSI) (Yuan et al., 2003 , Sotsky Kent et al., 2004 .
In cancers with the MSI phenotype, the important mutation targets for malignant transformation are believed to be microsatellite-like sequences in multiple genes including TGF-bRII and Bax (Boland et al., 1998) . To better understand the mechanism(s) of decreased CDK2-AP1 expression in MSI CRC, we screened for mutations in the microsatellite-like sequence of the CDK2-AP1 gene in MSI CRC cell lines (GeneBank: BC034717). We then employed an in vitro human recombinant mismatch repair (MMR) expression system to investigate the relationship between alteration of the CDK2-AP1 microsatellite-like sequence and CDK2-AP1 expression, cell proliferation and apoptosis in MSI CRC.
In addition, to define more precisely the role of the loss of CDK2-AP1 expression in MSI CRC tumorigenesis, we employed short small-interfering RNAs (siRNAs) to suppress CDK2-AP1 expression in cancer cells. In our present study, we compared cell cycle and apoptosis profiles in four CRC cell line settings: (i) native absence of CDK2-AP1 expression; (ii) endogenous CDK2-AP1 expression; (iii) RNA interference (RNAi)-induced loss of CDK2-AP1 expression; (iv) CDK2-AP1 plasmid-induced overexpression of CDK2-AP1. The results of our present study indicate that mutations in the microsatellite-like sequence of the CDK2-AP1 gene in MSI CRC are associated with decreased CDK2-AP1 expression. Induction of wildtype MLH-1 reversed the microsatellite sequence mutation and restored CDK2-AP1 expression. In addition, modulation of CDK2-AP1 expression in human CRC alters cell proliferation and apoptosis. These results support an important role for CDK2-AP1 in malignant transformation and progression of human MSI CRC carcinogenesis.
Results
Sequence analysis of the poly T(8) microsatellite-like sequence of the CDK2-AP1 gene
We screened the poly T(8) microsatellite-like sequence of the CDK2-AP1 gene in 24 CRC cell lines using the technique described below. A single alteration, del T poly (T)8, at the 3 0 end of the CDK2-AP1 gene was found in 3/12 (25%) of MSI CRC cell lines, none being found in 12/12 MSS CRC cell lines (Figure 1a and d) .
Functional analysis of the CDK2-AP1 mutation in an in vitro human recombinant MMR expression system Identification of MMR status Western blot analysis confirmed that RKO and SW48 (both MSI) CRC cell lines lacked hMLH1 protein expression; hMSH2 was normally expressed (Figure 2 ). Protein expression of hMLH1 was restored by wild-type pcDNA3-hMLH1 transfection. Transfection with the mutant pcDNA3-hMLH1-117M was associated with minimal expression at 36 and 48 h ( Figure 2) ; a result consistent with those reported by other investigators and believed to be secondary to decreased mRNA and decreased stability of the 117M mutant protein product (Brieger et al., 2002) . Neither pcDNA3-hMLH1 (wild-type) or pcDNA3-hMLH1-117M (mutant) transfection altered hMSH2 protein expression (Figure 2) .
Correction of the CDK2-AP1 mutation To detect for the correction of the del T poly (T)8 CDK2-AP1 mutation in the MMR recombinant system, we sequenced the CDK2-AP1 gene 48 h post-transfection. Induction of the wild-type pcDNA3-hMLH1 protein in the RKO and SW48 (both MSI) cell lines resulted in correction of the del T poly (T)8 mutation of the CDK2-AP1 gene in both cell lines tested (Figure 1b Western blot demonstrating hMLH1 and hMSH2 protein expression in two untreated MSI colorectal cancer cell lines (SW48 and RKO) and after transfection with pcDNA3 empty vector, pcDNA3-hMLH1-117M (mutant type), and pcDNA3-hMLH1 (wild type) at 24 (a), 36 (b) and 48 (c) h. hMLH1 protein expression is restored by the transfection with pcDNA3-hMLH1(wild-type), whereas hMSH-2 protein expression remains unchanged. In the MSI control cell line CIa (wild type poly T(8) sequence), hMLH1 protein expression was restored by transfection with pcDNA3-hMLH1 (wild type), whereas hMSH2 protein expression remained unchanged. An MSS cell line (normal hMLH1 protein expression) was used as a positive control. b-Actin was used as a loading control RNAi-mediated inhibition of CDK2-AP1 mRNA and protein expression in CDK2-AP1 nondeficient CRC cell lines
We first tested the ability of siRNA to reduce the endogenous level of CDK2-AP1 mRNA in the HCT29 and SW480 (MSS) cell lines and the RKO and SW48 (MSI) cell lines. Among CDK2-AP1 nondeficient CRC cell lines (HCT29 and SW480), the mRNA and protein levels of CDK2-AP1 were significantly reduced by pSUPER-CDK2-AP1siRNA and pSUPER-CDK2-AP1-siRNA/pcDNA3-CDK2-AP1 treatment, as compared to the cell lines treated with pSUPER-empty vector or pSUPER-CDK2-AP1siRNA mutant type (Figures 5 and 6). In CDK2-AP1-deficient CRC cell lines (RKO and SW48), mRNA and protein levels of CDK2-AP1 were not significantly altered by treatment with pSUPER-CDK2-AP1siRNA and pSUPER-CDK2-AP1siRNA/ pcDNA3-CDK2-AP1 as compared to treatment with pSUPER-empty vector or pSUPER-CDK2-AP1 siRNA mutant type ( Figures 5 and 6 ). These results demonstrate that CDK2-AP1siRNA effectively inhibits CDK2-AP1 expression in CDK2-AP1 expressing cell lines.
Overexpression of CDK2-AP1 following its induction in CDK2-AP1-deficient colorectal cell lines
Transfection with pcDNA3-CDK2-AP1 was utilized to induce CDK2-AP1 expression in the RKO and SW48 (MSI) and HCT29 and SW480 (MSS) CRC cell lines. In the RKO and SW48 (CDK2-AP1 deficient and MSI) cell lines, mRNA and protein expression of CDK2-AP1 were significantly increased following pcDNA3-CDK2-AP1 transfection compared to the same cell lines treated with pcDNA3-empty vector. In the CDK2-AP1 nondeficient cell lines, HCT29 and SW480 (MSS), mRNA and protein levels of CDK2-AP1 showed no significant change following pcCDK2-AP1 transfection compared to the cell lines transfected with pcDNA3-empty vector (Figures 7 and 8). 
Increased cell proliferation and decreased apoptosis associated with reduced levels of CDK2-AP1 expression
In order to test whether the inhibition of CDK2-AP1 expression resulted in increased cell proliferation and decreased apoptosis, we assessed cell cycle and apoptosis profiles by a fluorescence-activated cell sorting apparatus (FACS) (Becton-Dickinson, KY, USA) in all four study cell lines: RKO and SW48 (MSI), HCT29 and SW480 (MSS) ( Figure 9 , Table 1 ). Statistical significance was assessed using a w 2 analysis of proportions. The S-phase cell population significantly increased in the pSUPER-CDK2-AP1siRNA-treated CDK2-AP1 nondeficient cell lines (SW480 and HCT29), and the percentage of apoptotic cells significantly decreased, compared to the cells treated with the empty vector. S-phase cell population and the percentage of apoptotic cells was not significantly altered among CDK2-AP1 expression-deficient cell lines (SW48 and RKO, both MSI) treated with pSUPER-CDK2-AP1siRNA, pSU-PER-CDK2-AP1siRNA-mutant type, a negative control.
Cell cycle arrest and increased apoptosis associated with increased level of CDK2-AP1
The S-phase cell population was significantly decreased in the CDK2-AP1-deficient cell lines (RKO and SW48) transfected with pcDNA3-CDK2-AP1; the percentage of apoptotic cells was significantly increased, in comparison to the cells transfected with pcDNA3-empty vector ( Figure 10 , Table 2 ). In the CDK2-AP1 nondeficient cell lines (HCT29 and SW480), transfection with pcDNA3-CDK2-AP1 caused no significant alterations in the Sphase cell population or the percentage of apoptotic cells. Again, treatment with the negative control, pcDNA3-empty vector, was not associated with any significant changes in cell cycle or apoptosis in any cell line.
Discussion
We have previously demonstrated significantly decreased expression of CDK2-AP1 in MSI CRC (Yuan et al., 2003 , Sotsky Kent et al., 2004 ). In our current study, we screened for mutations in the microsatellitelike sequence of the CDK2-AP1 gene in MSI CRC cell lines. A novel alteration of the poly (T)8 microsatellitelike sequence was discovered in 25% (3/12) of the MSI CRC cell lines studied but was not seen in 12 of 12 MSS CRC cell lines. The novel del T poly (T)8 alteration identified in this study is located in the 3 0 end of the CDK2-AP1 gene. Previous literature suggests the 3 0 end of gene sequences play a crucial role in RNA stability and splicing (Irmer and Clayton, 2001; Manjeshwar et al., 2003; Yasuda et al., 2003) . In order to understand the relationship of the presence of this alteration to MMR function, we employed an in vitro human recombinant system to modulate hMLH1 expression. Interestingly, when a wild-type pcDNA3-hMLH1 plasmid was introduced into the CDK2-AP1-deficient cell lines, RKO and SW48, hMLH1 protein expression increased, the poly T(8) mutation corrected, and CDK2-AP1 mRNA and protein expression increased. However, when RKO and SW48 cell lines were transfected by the mutant pcDNA3-hMLH1-117M, the hMLH-1 protein expression, poly T(8) mutation and CDK2-AP1 expression were unchanged. With regard to those MSI cell lines with decreased CDK2-AP1 expression and wild-type poly (T)8, we hypothesize alternative CDK2-AP1 sequence alterations play a role. To evaluate this hypothesis, we plan a complete sequence analysis of CDK2-AP1 among those cell lines. We note a complete sequence analysis of CDK2-AP1 in human CRC has not been previously reported. We also plan to evaluate CDK2-AP1 promoter methylation status in those same In an important control experiment in our present study the MSI CRC cell line CIa, characterized by absent hMLH1 and CDK2-AP1 protein expression and the wild-type poly T(8) CDK2-AP1 microsatellite sequence was employed. Transfection of CIa with pcDNA3-hMLH1 (wild-type) resulted in restoration of hMLH1 expression but did not restore CDK2-AP1 expression.
Our earlier study had shown that loss of CDK2-AP1 expression in MSI CRC was characterized by increased cell proliferation and decreased apoptosis (Yuan et al., 2003) . In order to better define the role of CDK2-AP1 gene expression in the regulation of cell cycle progression and apoptosis, we employed RNAi to regulate CDK2-AP1 expression. The CDK2-AP1 gene codes for a protein product of 117 amino acids. The siRNA sequence we selected was designed to target nucleotide positions 179-198 of the CDK2-AP1 gene. Our siRNA sequence selection was based on published information indicating this sequence included the interactive domain of CDK2-AP1 with the CDK-2 protein . Our present study demonstrated that the transfection of CDK2-AP1 nondeficient human CRC cell lines (HCT-29 and SW480) with siRNA targeted against the CDK2-AP1 gene, reduced the level of CDK2-AP1 mRNA and CDK2-AP1 protein expression. This was also associated with increased cell growth and decreased apoptosis. Importantly, after transient transfection of pcDNA3-CDK2-AP1 into CDK2-AP1 deficient cell lines (RKO and SW48), FACS analysis demonstrated a significant decrease in S phase and a significant increase in apoptosis. These results are consistent with previous reports of CDK2-AP1 interaction with DNA polymerase alpha/primase, CDK2, and pRB, genetic elements associated with cell cycle regulation and apoptosis (Tsuji et al., 1998; Shintani et al., 2000) . The observations described above, specifically, CDK2-AP1 modulation of apoptosis and S phase in the setting of both microsatellite stable and unstable cell systems, suggests that CDK2-AP1 is a true mediator of cell cycle kinetics and apoptosis independent of microsatellite status.
Our results strongly suggest that the del T poly (T)8 mutation at the 3 0 end of the CDK2-AP1 gene is closely associated with decreased CDK2-AP1 expression in MSI CRC cell lines. Our observations of alterations in the poly (T)8 microsatellite-like sequence are reminiscent of similar alterations of microsatellite-like (Fujiwara et al., 1998; Johannsdottir et al., 2000) . In fact, current reports indicate that the percentage of MSI CRC with alterations in the microsatellite-like sequences in the BAX gene is similar to the rate of poly T(8) alterations we observed (Fujiwara et al., 1998; Johannsdottir et al., 2000) . Utilizing RNAi, we have demonstrated that modulation of CDK2-AP1 expression influences cell cycle progression and apoptosis independent of microsatellite status. Our successful application of RNAi provides further support for its use in the functional analysis of putative CRC transformation pathways (Williams et al., 2003) .
We acknowledge our findings regarding increased S phase and decreased apoptosis in MSI human CRC are not entirely consistent with published reports suggesting improved survival for MSI CRC patients (Ionov et al., 1993; Lothe et al., 1993; Kim et al., 1994; Bubb et al., 1996; Lukish et al., 1998; Halling et al., 1999) . However, our findings are consistent with prior independent reports from multiple investigators indicating a correlative relationship between MMR function and apoptotic activity in human CRC (Dolcetti et al., 1999; Zhang et al., 1999) . These combined results are perhaps best considered acknowledging the complex nature of survival analysis in MSI CRC. This analysis is complicated by many factors including the high frequency of MSI in CRC secondary to hMLH1 promoter methylation in the absence of germline MMR gene alterations (Farrington et al., 2002) . Systematic population-based studies have not demonstrated survival benefits of cancer arising in HNPCC or familial cases in general and do not support the largely descriptive survival studies noted above (Kee and Collins, 1991; Slattery et al., 1995; Farrington et al., 2002) . Our results suggest further study of the role of CDK2-AP1 in human CRC may lead to an improved understanding of the genetic elements and pathways that contribute specifically to MSI CRC natural history.
In conclusion, we believe that our current study provides additional support for a significant role for CDK2-AP1 in the development and progression of MSI human CRC (Yuan et al., 2003; Sotsky Kent et al., 2004) . Previous published work demonstrates decreased CDK2-AP1 correlates with increased tumor invasion, risk of lymph node metastases, and decreased survival in patients with oral squamous cell carcinoma (Shintani et al., 2001) . In order to study the role of CDK2-AP1 further, expanded investigation of CDK2-AP1 expression in MSI CRC in our laboratory utilizing significant numbers of ex vivo human CRC tumors and CRC tissue arrays is underway.
Materials and methods
Analysis of the microsatellite-like sequence of the CDK2-AP1 gene and its association with CDK2-AP1 expression Preparation of DNA, RNA and protein DNA and RNA from 24 human colorectal cancer cell lines, 12 MSI and 12 microsatellite stable (MSS), were isolated using a Trizol Reagent Kit (Invitrogen Inc, NJ, USA). Protein from the cells was isolated utilizing lyses buffer (25 mM Tris pH 7.5, 1% Triton X-100, 0.5% sodium deoxycholate and 5 mM EDTA) and a standard cocktail of protease inhibitors (Roche).
Screening for alterations in the microsatellite-like sequence of the CDK2-AP1 gene Using direct sequencing, we screened each of the 24 cell lines for alterations in the poly (T)8 microsatellite-like region in the 3 0 end of the CDK2-AP1 gene. PCR products from the 3 0 end of the CDK2-AP1 gene were directly sequenced to search for CDK2-AP1 sequence alterations. Primers for PCR amplification were designed as follows: CDK2-AP1A: 5 0 -AGTTTCGTTTTTCCTCCCAT-3 0 and CDK2-AP1B: 5 0 -AGAACACCATGGGTAACAAA-3 0 . Each sense and antisense sequence analysis was repeated two times.
Functional analysis of the CDK2-AP1 mutation in an in vitro human recombinant MMR system An in vitro human MMR recombinant system was used, as previously described . CRC cell lines RKO and SW48 (both MSI) were purchased from the American Type Culture collection. The RKO and SW48 cell lines were selected based on evidence that transcriptional silencing of hMLH1 is caused by methylation of the hMLH1 promoter in both of these cell lines (Herman et al., 1998) . An MSI CRC cell line, CIa, characterized by methylation of the hMLH1 promoter and the wild-type poly (T)8 microsatellite-like sequence of the CDK2-AP1 gene was utilized as a control.
We confirmed minimal expression of hMLH1 by Western blot in the RKO, SW48 and CIa CRC cell lines. Three RKO and three SW48 CRC cell lines were each cotransfected with pSG5-hPMS2 (wild-type) and, either 5 mg of pcDNA 3 empty vector, pcDNA3-hMLH1 (wild-type), or pcDNA3-hMLH1-117M (mutant), using PolyFect transfection reagent kit (Qiagen, Germany). The control CRC cell line CIa was cotransfected with pSG5-hPMS2 (wild-type) and, either 5 mg of pcDNA 3 empty vector or pcDNA3-hMLH1 (wild-type). hMLH1 protein expression was determined by Western blot for each study 24, 36 and 48 h post-transfection. Protein loading was standardized to 50 mg and b-actin was used to as a loading control. In addition, the poly (T) microsatellite-like sequence of the CDK2-AP1 gene was analysed for persistence or correction of the microsatellite-like sequence alteration at 48 h post-transfection.
CDK2-AP1 mRNA expression was determined in the in vitro human recombinant system by real-time RT-PCR assay: Total RNA was extracted from all cell lines and used to produce cDNA as previously described, with Superscript II reverse transcription (Life Technologies, Inc, Carlsbad, CA, USA). A semiquantitative real-time RT-PCR method was used to measure the mRNA levels of CDK2-AP1 according to the manufacturer's protocol (Ciphgene, CA, USA) with a SYBR-Green PCR Master Mix Kit (Applied Biosystems, CA, USA). A matching primer pair to amplify CDK2-AP1 to a 120 bp product was designed to cross at least one exon. The primer sequence design was based on human CDK2-AP1 sequencing (GeneBank: BC034717) as follows: the forward primer (CDK2-AP1 C): 5 0 -CTTACAAACCGAACTTGGC C-3 0 and the reversed primer (CDK2-AP1D): 5 0 -GTTGCTGG GTGTAGCCTAG-3 0 . For each sample the expression of the CDK2-AP1 gene and the b-actin loading control was determined by real-time RT-PCR. The ratio of the target-to-bactin was calculated as the normalized value.
CDK2-AP1 protein was determined in the in vitro human recombinant system by Western blot. Protein samples were Inc., VA, USA) and standardized to 50 mg prior to separation on 8% SDS-PAGE gels and electroblotted to polyvinylidene fluoride membranes (Amersham, CA, USA). The membranes were incubated with mouse anti-human CDK2-AP1 antibody (Dr DT Wong, University of California, Los Angeles, CA, USA) at a dilution of 1 : 8000. Horseradish peroxidaseconjugated rabbit anti-mouse antibody was used as the secondary antibody, and was hybridized for 1 h at room temperature. Proteins were then detected using a Super Signal West Pico kit (Pierce Rockford, IL, USA). b-Actin was used to as a loading control. All the above experiments were repeated three times.
Modulation of CDK2-AP1 expression in multiple cell lines siRNA plasmid construction siRNA plasmids were constructed utilizing a pSUPER vector with a H1 RNA promoter (DNAengine, Inc., UK: http://www.mjr.com) (Brummelkamp et al., 2002) . In order to produce an intact target recognition sequence to suppress CDK2-AP1 by pSUPER-CDK2-AP1 vector, the siRNA sequences were designed to correspond to nucleotide positions 179-198 of the CDK2-AP1 gene: sense strand (CDK2-AP1E sequence) -5 0 -GATCCCCAGCAAATA CGCGGAGCTGCTTCAAGAGAGCAGCTCCGCGTATTT GCTTTTTTGGAAA-3 0 , and antisense strand (CDK2-AP1F sequence) 5 0 -AGCTTTTCCAAAAAAGCAAATACGCGGA GCTGCTCTCTTGAAGCAGCTCC GCGTATTTGCTGG G-3 0 ). Selection of the 179-198 nucleotide region was based on its location within the CDK-2 interacting domain . The CDK2-AP1 19-nucleotide target recognition sequence was mutated to give a 1 bp substitution at position 9 of the stem as a siRNA mismatch (negative) control. The siRNA-negative control target recognition sequences were designed as follows: sense strand-(CDK2-AP1C) -5 0 -GATCC CCAGCAAAT AGGCGGAGCTGCTTCAAGAGAGCAGC TCCGCCTATTTGCTTTTTTGGAAA-3 0 ), and antisense strand (CDK2-AP1D sequence) -5 0 -AGCTTTTCCAAAAAAGCAA ATAGGCGGAGCTGCTCTCTTGAA GCAGCTCCGCCTA TTTGCTGGG-3 0 ). siRNA was annealed as previously described (Johannsdottir et al., 2000) . The oligo-annealing buffer was made with 100 mM potassium acetate, 30 mM HEPES-KOH (pH 7.4) and 2 mM Mg-acetate. pSUPER vector was digested using BglII and HindIII restriction endonucleases. Subsequently, the oligos of CDK2-AP1 siRNA and CDK2-AP1 siRNA-negative control were inserted. The sequence of the plasmids of the pSUPER-CDK2-AP1 siRNA and pSUPER-CDK2-AP1 siRNA mutant type (MT) (negative control) were confirmed by direct sequencing.
siRNA treatment and pcDNA3-CDK2-AP1 transduction of cells in culture HCT29 (MSS CRC) and CIa (MSI CRC) cell lines were purchased from the American Type Culture Collection (ATCC, VA, USA) and SW480 (MSS CRC), SW48 (MSI CRC), RKO (MSI CRC), cell lines were kindly provided by Dr Leonard Augenlicht (Albert Einstein College of Medicine, NY, USA). Cells were cultured according to ATCC recommended conditions. A total of 5 Â 10 5 cells per 25-cm 2 culture dishes were put into suspension. At 60-70% confluence, six samples from each of the four study cell lines were used for transfection. The following transfections were conducted for the six samples: 5 mg each of pSUPER empty vector, pSUPER-CDK2-AP1 siRNA, pSUPER-CDK2-AP1 siRNA-mutant type (negative control), pSUPER-CDK2-AP1 siRNA/pcDNA3-CDK2-AP1 (20 : 1), pcDNA3-CDK2-AP1 and pcDNA3-empty vector -using the PolyFect Transfection Reagent kit (Qiagen, CA, USA). Cells were then harvested at 24, 36 and 48 h for mRNA analysis, protein expression, and fluorescence-activated cell sorting (FACS) analysis.
Determination of mRNA and protein expression of CDK2-AP1 by RT-PCR and Western blot assays Total RNA was extracted from all study cell lines (RKO and SW48 (MSI), HCT29 and SW480 (MSS)) with Trizol reagent (Life Technologies, Inc., CA, USA). cDNA was then produced using the SuperScript II reverse transcription assay (Life Technologies, Inc., CA, USA). A quantitative real-time RT-PCR method was used to measure the mRNA levels of CDK2-AP1 according to the previously described protocol. Protein expression of the CDK2-AP1 gene from all the colon cancer cell lines (RKO and SW48 (MSI), HCT29 and SW480 (MSS)) was determined by FACS analysis of cell cycle and apoptosis Cell cycle distribution and apoptosis were analysed using FACS. Cells were harvested with Trizol, washed with PBS, and centrifuged. Pellets were fixed with ice-cold 70% ethanol for 1 h at 41C. The cells were then centrifuged for 5 min, the pellets washed, resuspended in PBS, and treated with RNase A at 5 mg/ml at 371C for 30 min. The cells were chilled over ice for 10 min and stained with propidium iodide at 50 mg/ml for 30 min at room temperature in darkness. Subsequent analysis of cell cycle distribution and apoptosis were performed by FACS using the FACScan (Becton-Dickinson, KY, USA). 
